Objective: This report describes the development and validation of a technology-based system that integrates data on food choice, nutrition, and plate waste to generate feedback reports summarizing students' dietary intake at school meals. Methods: Cafeteria staff used the system to document the school lunch choices of seventh-graders (n ¼ 37) in an urban charter school for 5 months. Plate waste was assessed by research staff using a visual estimation method that was validated against directly weighed plate waste. Results: Most food choices (97.1%) were correctly recorded through the system. Visual estimates of plate waste had excellent interrater reliability (r's $ .94) and agreement with direct measurements (r's $ .75). Plate waste assessment required approximately 10 s/tray. Fifty-four percent of parents received feedback reports consistently. Conclusions and Implications: The technology-based system enabled staff to monitor dietary intake accurately at school meals. The system could potentially inform lunch menu modifications aimed at reducing plate waste.
INTRODUCTION
Schools are an important setting in which to address children's dietary intake, particularly in low-income communities where poor diet quality and childhood obesity are most prevalent. [1] [2] [3] The US Department of Agriculture aims to affect children's dietary intake by implementing nutrition standards for meals provided through the National School Lunch Program (NSLP), which subsidizes free or reduced-cost school meals for over 30 million lowincome students annually. 4 The Healthy Hunger-Free Kids Act of 2010 stipulates that lunches include only fat-free and 1% milk, increases the amount of fruits and vegetables served, requires gradual reductions in sodium content over a 10-year period, and specifies grade-appropriate calorie ranges for meals. The Act also requires that students select a fruit or vegetable for a meal to be reimbursable.
Parents, school food service providers, and teachers might be more effective in their efforts to promote children's nutritional health if they had timely access to information regarding what students eat at school meals and what they discard as plate waste. These data could be used to inform waste-reducing changes to lunch menus, provide parents with tailored feedback about the nutrition their child obtained through school meals, and enhance classroombased nutrition education by helping students understand the nutritional impact of their actual food choices. Researchers developed methods to estimate dietary intake at school meals across school-or grade-level populations during finite time periods. [5] [6] [7] [8] However, to the authors' knowledge, methods have not been developed that would allow schools to collect, synthesize, and report dietary intake data for individual students over prolonged periods.
Any attempt to estimate school meal intake accurately must account for plate waste, which is substantial (40% to 45% overall) and affects both nutritional health and program costs. 5, 6 Plate waste did not increase after the recent passage of more stringent nutrition standards, but this may change as the standards continue to evolve. The reference standard method of assessing plate waste is to weigh portions of uneaten food directly, 5 but this practice is impractical for sustained use in most settings. Visual plate wasteestimation methods,withorwithout the aid of photography, greatly reduce assessment burden and have been found to be valid. [9] [10] [11] This report describes the development and validation of a technologybased system that facilitates accurate documentation of food choice at school meals and provides a means with which to share this information with parents, teachers, and stakeholders. The Healthy School Meals Realized through Technology (SMART) system includes touchscreen and barcode scanning technology that enables cafeteria staff to record food choices efficiently as students proceed through the cafeteria lunch line. Plate waste is assessed by research staff using an efficient visual estimation method. The system integrates food choice and plate waste data with nutrition information for each food item and automatically generates reports that provide parents with nutritional feedback and individually tailored health messaging. The validity and reliability of the Healthy SMART system were examined during a 5-month proof-of-concept study conducted with middle school students in a low-income, urban charter school network with high NSLP participation. The study aims were to (1) assess the accuracy of food choices recorded using the system; (2) test the validity and interrater reliability of the visual plate waste estimation method; and (3) evaluate 2 key aspects of program implementation, the time required to assess plate waste, and the frequency with which parents received and reviewed feedback reports.
METHODS

Study Sites and Participants
The target population (n ¼ 37) consisted of middle-school students within a kindergarten through grade 12 charter school network in Chicago, IL (2013) (2014) (2015) . The charter school network almost exclusively served low-income, ethnic minority families, and the vast majority of students received free or reduced-cost lunch through the NSLP (n ¼ 37; 100% of the current sample). Because the network serves predominantly Spanish-speaking households (n ¼ 25; 68% of the current sample), study materials were developed in English and Spanish. Students were generally offered between 3 and 6 food items at lunch, plus a choice of skim white, 1% milk fat white, or skim chocolate milk. Charter school network administrators selected 2 schools to participate in this project. Families were informed about the project through flyers and announcements at school functions and during telephone conversations with a parent liaison employed by the charter school network. Interested parents returned signed consent forms and surveys to the research team. Study procedures were approved by the Institutional Review Boards of Rush University Medical Center and Chicago Public Schools, and all parents and children signed consent/assent forms before participation.
Healthy SMART System Development Process
The first step in the development process was to conduct in-depth formative research with the study population of charter school families, staff, and administrators at both study sites to inform the design of the food choice tracking system and the feedback reports. Main findings from the formative research were that (1) healthy foods served at school lunches were somewhat unpalatable and had high levels of plate waste, and (2) few parents had reliable Internet access and preferred paper-based feedback reports. A detailed report summarizing this formative research is available from the authors by request. The second step was to contract with a school food service software development company (K-12 Plus, Inc, Tulsa, OK) to build the technology-based food choice tracking system. The third step was to test the functionality of the food choice tracking system prototype during a 3-month pilot study with a sixth-grade class (n ¼ 18) at 1 school. No technical problems arose with the system during pilot-testing. The fourth step was to examine the validity, reliability, and implementation of the system in a proof-of-concept study with seventhgradefamilies(n¼ 37)atthesecondschool, which is described in this report.
Description of the Healthy SMART System
Many schools that provide meals through the NSLP use software to track program participation for reimbursement purposes. For this project, existing software (A-Plus Caf e, version 3.1.0.43; K-12 Plus, Inc) was adapted to allow recording of individual food choices. At school lunches, students' school identification cards were scanned with a barcode scanner as they passed through the cafeteria line. Doing so created a new record in a relational database. Cafeteria staff then used a touchscreen monitor (Model 15B2; Elo Touch Solutions, Inc, Menlo Park, CA) displaying that day's lunch menu to document food choices. Research staff assessed plate waste for each student every day using a validated visual estimation method (described subsequently). Plate waste data were appended to the food choice database.
Each week, researchers downloaded food choice and plate waste data from the database. Queries were run after the last lunch period in each week so that data for the entire week were available. Nutrition information and portion sizes for all foods served were obtained from the school's contracted foodservice provider on a monthly basis. The system calculated students' intake of each food item by subtracting the amount of each food discarded (plate waste) from the amount served. Because the tracking system documented all food choices, it was possible to identify foods that were consumed in their entirety and left no residual plate waste. Students' energy and nutrient intake were derived by multiplying the nutritional content of each food by the amount consumed, and summing these values within each meal.
Report generation software (Crystal Reports 2011; SAP America, Newtown Square, PA) was used to create feedback reports automatically for parents that listed all foods chosen and summarized the total calorie intake, vegetable choices, and milk choices at each meal during the week. To enhance their relevance for individual families, reports included tailored suggestions based on students' food choices and health messages promoting family engagement in activities linked to weight control (eg, reducing screen time, engaging in physical activity as a family, eating healthy meals at home). To provide value to the school, aggregate reports summarizing student nutrient intake at the classroom level were provided to the physical education teacher, who used these reports to facilitate nutrition education activities.
Measures
To characterize the sample (n ¼ 37), household, student, and parent characteristics (ie, age, gender, race/ethnicity, home language preference, home Internet access) were assessed at baseline. Financial strain was assessed with an item adaptedfromlargeepidemiologicstudies 12 : How hard is it for you to pay for the very basics like food, housing, medical care, and heating? Students' height and weight were measured without shoes and in light clothing during a physical education class, and age-and sex-specific body mass index
2 ) percentiles 13 were derived.
Research staff assessed plate waste using the quarter-waste estimation method. 10 This validated method involves visually estimating the proportion of each food item remaining on students' cafeteria trays in quarters of the original portion size (0%, 25%, 50%, 75%, or 100%). To match plate waste estimates with individual students, it was necessary to number and document students' cafeteria trays as they passed through the cafeteria line. Students were instructed to leave their trays, with their unfinished food, at the lunch table. For validation purposes, plate waste estimates based on the quarter-waste method were compared with a reference standard of actual food weights (in grams). 5 To facilitate comparison,estimatesderivedthrough the quarter-waste method were converted to grams by multiplying the proportion of food remaining on the tray (eg, 50%) by the original serving size in grams.
The program aimed to generate and deliver feedback reports to parents on a weekly basis. To assess whether this aspect of the program was implemented successfully, parents rated the frequencies with which they received, reviewed, and discussed reports with their child on a 4-point scale from never to every week.
Procedures
Cafeteria staff members were trained to use the food choice tracking system to document student food choices accurately as they passed through the lunch line. To minimize delays in the lunch line, a binder containing photocopied student identification cards was provided for cafeteria staff to scan when students did not have their identification cards with them. Early in the project, the validity of food choice data captured via the system was assessed by comparing its output against food choices manually recorded by research staff on 5 consecutive days.
Plate waste was assessed daily by research staff using the quarter-waste method. Data collected with the quarterwaste method were incorporated into parent reports. To validate the quarterwaste method in the target population, estimates derived through the quarterwastemethodwerecomparedwithdirectly weighed plate waste collected on 5 consecutive days. In addition, 2 researchers performed the quarter-waste method independently during 5 consecutive school lunches to gauge interrater reliability. The time required to assess plate waste was measured with a stopwatch.
Parents completed sociodemographic survey items at the beginning of the school year. Throughout the study (September, 2014 through February, 2015), feedback reports were generated weekly and distributed to parents in English and Spanish via students' Friday Folders. Parent receipt, review, and discussion of feedback reports were assessed at the end of the program.
Data Analysis
The validity of the food choice tracking system was tested by comparing its agreement with manually documented food choices with an a priori benchmark of 95% accuracy. The validity of the quarter-waste method was evaluated by examining its agreement with directly weighed plate waste through BlandAltman plots 14 and concordance correlations. 15 The researchers used Pearson correlation to quantify interrater reliabilityforthequarter-wastemethod.Participant characteristics, time required to perform the quarter-waste method, and parent receipt, review, and discussion of weekly feedback reports were summarized using descriptive statistics.
RESULTS
A total of 37 of 49 eligible child-parent dyads (76%) enrolled in the proof-ofconcept study. The table presents sample characteristics. Across 1,219 food choices over 5 days, agreement between research staff and the technology-based tracking system was 97.1% (95% confidence interval, 96.0-98.0), exceeding the a priori benchmark of 95%.
Plate waste was recorded by research staff for 1,092 meals. Plate waste averaged 35% (SD, 6%) for entr ees, 37% (SD, 14%) for milk, 30% (SD, 15%) for fruit, and 72% (SD, 14%) for vegetables, based on the quarter-waste method. Bland-Altman plots (Figure) and Lin's concordance correlations from 119 school meals with directly weighed and visually estimated plate waste indicated strong agreement and minimal bias for entr ees (r ¼ .78), milk (r ¼ .94), fruit (r ¼ .83), and vegetables (r ¼ .75). The quarter-waste method showed strong interrater reliability among independent research staff, with correlations between raters of .96 for milk, .98 for entrees, .95 for vegetables, and .94 for fruit across 178 meals. On average, the quarter-waste method required 9.9 s/tray (SD, 1.9 s/tray; 123 meals).
Parents reported receiving feedback reports inconsistently; 20 (54%) received them every week or usually, and 17 (46%) received them occasionally or never. Among the 20 parents who received reports every week or usually, 17 (85%) reviewed them and 14 (70%) discussed them with their child every week or usually.
DISCUSSION
The Healthy SMART system allows cafeteria staff to document student food choices efficiently at school lunches. Estimates of students' dietary intake at school meals can be derived by combining data on food choice with nutrition information obtained from school foodservice providers and plate waste data collected by research or cafeteria staff. This project, which was conducted in collaboration with a charter school network in a low-income community, indicates that the food choice and plate waste data on which dietary intake estimates are based could be collected with high validity and reliability. Specifically, the cafeteria workers who used the system were 97% accurate in documenting students' food and beverage choices. Plate waste estimates derived through the quarter-waste method demonstrated excellent interrater reliability and showed strong agreement with the reference standard method 5 of directly weighed plate waste.
The substantial amount of plate waste observed, particularly for vegetables, corresponded with prior research [5] [6] [7] [8] and highlighted the value of including this information in feedback reports. The quarter-waste method is valid and reliable, but it must be performed by either research staff (as in the current study) or cafeteria staff, and requires about 10 s/tray (roughly 4-5 min/classroom). Therefore, plate waste assessment may be difficult to scale to larger settings. Until automated plate waste assessment methods are developed, cafeteria workers or others will need to be supported to perform this function.
The Healthy SMART system enabled efficient generation of reports summarizing food choice and plate waste. Parents who received the reports consistently were likely to review and discuss them with their children frequently. However, roughly half of enrolled parents received the reports inconsistently via students' Friday Folders. Delivery methods may need to be multimodal (electronic and paper) and tailored to the preferences and resources of each family in future implementations of the program.
Technology-based systems such as the Healthy SMART program could have several important uses. Schools and foodservice companies might use the system to monitor dietary intake and modify lunch menus to minimize plate waste. Teachers could incorporate data on students' actual dietary intake to enhance classroom nutrition education. The system may also provide schools with a lowcost, sustainable mechanism to inform parents about what their children eat at school meals. These potential uses should be explored in future work.
Several limitations are noted. The focus on middle school students in a Figure. Bland-Altman plots showing agreement between the quarter-waste method and manual weighing of plate waste. Plots show the mean and 95% confidence intervals of the differences between the 2 assessment methods across the distribution of scores. Healthy SMART program could potentially accommodate any nutritional data that are consistently available from a school's contracted foodservice provider or from another source; however, reporting these data to parents in a meaningful and succinct way requires forethought and prioritization. In addition, obtaining nutritional data from foodservice providers may be challenging in some districts. This project extends the literature by demonstrating the validity and reliability of a potentially sustainable, technology-based system that facilitates documentation of student food choices by cafeteria staff, and integrates data from several sources to estimate dietary intake and plate waste at school meals. Further research is needed to optimize the program for implementation in larger and more heterogeneous school systems.
